Objectives: To describe hospital volumes for common pediatric specialty operations, to evaluate hospital and patient characteristics associated with operations performed at a low-volume hospital, and to evaluate outcomes with hospital volume. at least one fourth of the hospitals performed only 1 operation for children aged 0 to 18 years in 2003. For these same operations, at least half of hospitals treated 4 or fewer cases per year. For all operations, discharges from lowvolume hospitals were less likely to be from children's or teaching hospitals compared with discharges from higher-volume hospitals. For tracheotomy, children were less likely to experience postoperative complications in high-volume hospitals compared with low-volume hospitals (odds ratio, 0.48; 95% confidence interval, 0.21-1.09).
at least one fourth of the hospitals performed only 1 operation for children aged 0 to 18 years in 2003. For these same operations, at least half of hospitals treated 4 or fewer cases per year. For all operations, discharges from lowvolume hospitals were less likely to be from children's or teaching hospitals compared with discharges from higher-volume hospitals. For tracheotomy, children were less likely to experience postoperative complications in high-volume hospitals compared with low-volume hospitals (odds ratio, 0.48; 95% confidence interval, 0.21-1.09).
Conclusions: Many children undergoing common pediatric specialty operations had these procedures performed in low-volume hospitals. Low-volume hospitals were less likely to be children's or teaching hospitals. Children undergoing tracheotomy experienced higher rates of complications in low-volume hospitals. Further research is needed to identify the reasons why so many children have these operations performed in low-volume hospitals.
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A GROWING BODY OF EVIdence suggests that outcomes of pediatric operations are better when they are performed in hospitals that have higher volumes of procedures. Higher-volume hospitals have been associated with decreased readmission rates after spinal fusion, 1 decreased rates of misdiagnosis with appendectomy, 2 and decreased rates of operation for intussusception. 3 Higher-volume hospitals have also been associated with decreased mortality rates for children undergoing cardiac surgery, 4 ventriculoperitoneal (VP) shunt placement, 5 brain tumor resection, 6 and tracheotomy. 7 Past research has suggested that pediatric specialty surgery is often performed in low-volume hospitals, but the existing studies 1, 5 have typically been limited to 1 type of operation or to specific localities. Information on hospital volume is a critical first step in exploring the factors that influence current hospital utilization and referral patterns for children undergoing specialty operations. Our objectives were to describe the hospital procedural volumes of common pediatric specialty operations, evaluate hospital and patient characteristics associated with having such an operation performed at a low-volume hospital, and evaluate the relationship of hospital volume to mortality and postoperative complications for the operations.
vision, Clinical Modification (ICD-9-CM) diagnostic and procedural coding.
STUDY PARTICIPANTS
To identify common pediatric specialty operations for this study, we analyzed the national frequency of hospital discharge ICD-9-CM codes for cardiac, neurosurgical, orthopedic, and otolaryngologic procedures for children aged 0 to 18 years. The ICD-9-CM tabular index of procedural codes was used to categorize the procedures as cardiac surgery (codes 35.00-39.99), neurosurgery (codes 01.00-05.99), orthopedic surgery (codes 76.00-84.99), and otolaryngologic surgery (codes 18.00-31.99). We included procedures only if they were (1) predominantly performed in an operating room as opposed to an interventional catheterization suite or other site, (2) not described as a "revision" or "replacement" of a prior procedure, and (3) associated with a congenital malformation, chronic illness, major trauma, or malignancy. 9 The third criterion was included because the American Academy of Pediatrics has recommended that these types of operations be managed by pediatric medical and surgical specialists. If 2 or more procedure codes described the same operation, their frequencies were combined.
The procedures that best met the inclusion criteria from the ICD-9-CM tabular index of cardiac, neurosurgical, orthopedic, and otolaryngologic procedures were ventriculoseptal defect (VSD) surgery, VP shunt placement, posterior spinal fusion, and tracheotomy. The ICD-9-CM procedural codes used to identify the operations were repair of VSD ( 
MAIN OUTCOME MEASURES
In-hospital mortality was determined at hospital discharge. Postoperative complications were identified using the Agency for Healthcare Research and Quality Pediatric Quality Indicator software (version 3.0b). 10 We included inpatient indicators that were related to the chosen operations and were considered acceptable for hospital comparative reporting as determined from the Agency for Healthcare Research and Quality Pediatric Quality Indicator clinical panel review of February 2006. 11 The indicators chosen for analysis were decubitus ulcer, foreign body left in after procedure, iatrogenic pneumothorax, postoperative hemorrhage and hematoma, transfusion reaction, and postoperative abdominal wound dehiscence.
HOSPITAL VOLUME
Hospital volume was defined as the number of annual surgical cases per hospital for the designated operation identified within the KID 2003. Caseload at each sample hospital was multiplied by 1.25 to correct the random 80% sampling rate from individual hospitals within the KID 2003 and rounded to the nearest integer. Hospital caseload quartiles for each procedure were determined from caseload median and interquartile range. Hospitals in the lowest caseload quartile were identified as lowvolume hospitals for all analyses. Hospital location and bed size information were also obtained from the American Hospital Association Annual Survey of Hospitals. Hospitals were designated as urban or rural based on location in a metropolitan statistical area. Hospital bed size was categorized as small, medium, or large based on the number of beds in relation to location, region, and hospital teaching status.
CHARACTERISTICS ASSOCIATED WITH LOW-VOLUME HOSPITALS
Demographic variables evaluated as correlates of discharges from low-volume hospitals included patient age, race (white, black, Hispanic, or other), median household income based on patient ZIP code (Ͻ$25 000, $25 000-$34 999, $35 000-$44 999, or Ն$45 000), and insurance type (Medicaid, health maintenance organization or private, or self-pay) as available within the KID 2003. Admission type (emergent vs nonemergent; transfer from a short-term hospital) was also compared with low-volume hospital use. The presence of trauma was also compared with low-volume hospital use for VP shunt placement, spinal fusion, and tracheotomy.
STATISTICAL ANALYSIS
We conducted bivariate analyses to evaluate the association between low-volume hospitals and hospital-level factors, including hospital type (teaching or children's hospital), location, and bed size. We also evaluated the association between lowvolume hospitals and patient-level factors, including demographics, insurance type, admission type, and presence of trauma. Bivariate analyses were performed using logistic regression for categorical variables and linear regression with log transformation of nonnormal continuous variables (age).
The outcomes of postoperative complications and in-hospital mortality were compared with hospital volume using logistic regression. Total complication rates were analyzed by hospital volume quartile for each operation using multivariate analysis to control for disease severity using the diagnosis-related group measure. Individual postoperative complications were analyzed by hospital volume quartile using multivariate analysis to control for comorbid conditions specific to each complication. 11 We used SAS statistical software, version 9.1 (SAS Institute Inc, Cary, NC) for all analyses. On the basis of the KID 2003 sampling design, the SAS survey procedures were used to compute variances and CIs for totals and percentages and to account for hospital clustering and stratification.
RESULTS

STUDY POPULATION
We identified all KID 2003 discharges for VSD surgery (n = 2301), tracheotomy (n = 2674), VP shunt placement (n=3378), and posterior spinal fusion (n=4002) in children aged 0 to 18 years. We found that VSD surgery was associated with the lowest number of hospitals (n=113) and that tracheotomy was associated with the highest number of hospitals (n=435) ( Table 1 
VOLUME OF OPERATIONS
For tracheotomy and posterior spinal fusion, at least one fourth of hospitals performed only 1 operation per year for children aged 0 to 18 years (Table 1) . For these same operations, at least half of the hospitals performed 4 or fewer procedures per year. For VP shunt placement, one fourth of hospitals performed 1 to 3 cases per year. The median caseload for VSD surgery was larger than for the other operations (median, 18; interquartile range [IQR], 7-35). The number of cases performed in the lowest, second, and third quartiles were higher for VSD surgery compared with the other operations.
CHARACTERISTICS OF HOSPITALS WITH LOW PROCEDURE VOLUMES
For all operations, discharges from low-volume hospitals were less likely to be from children's or teaching hospitals when compared with higher-volume hospitals ( Table 2) . For tracheotomy, spinal fusion, and VP shunt placement, operations at low-volume hospitals were less likely to be at children's hospitals (5.6%-8.8%) than those at higher-volume hospitals (68.7%-82.4%). For these 3 operations, approximately half to two thirds of discharges from low-volume hospitals were from teaching hospitals. The findings for VSD surgery differed: among discharges for this procedure from low-volume hospitals, 67.9% were at children's hospitals and 84.3% were at teaching hospitals. For all operations, most procedures performed at low-volume hospitals were conducted in urban hospitals (Ն89.7%) and hospitals with a large number of beds (Ն63.6%).
PATIENT CHARACTERISTICS ASSOCIATED WITH LOW-VOLUME HOSPITALS
For tracheotomy and spinal fusion, patients discharged from low-volume hospitals were older ( Table 3 ). The median age at admission of low-and higher-volume hospitals for VSD surgery and VP shunt placement was 0 years. The largest difference in age was associated with tracheotomy (median, 15 years; IQR, 0-16 years vs median, 1 year; IQR, 0-13 years). Income, insurance, and race/ethnicity were not consistently predictive of low-volume hospital use across the different operations (data not shown). For tracheotomy, VP shunt placement, and VSD surgery, procedures at low-volume hospitals were less likely than those at higher-volume hospitals to be associated with transfers from another hospital (Table 3) . For spinal fusion, admissions were more likely to be classified as emergent (18.1% vs 3.7%) and associated with trauma (17.0% vs 1.9%) when they occurred in low-volume hospitals vs higher-volume hospitals. For tracheotomy, admissions associated with trauma were more likely to occur in low-vs higher-volume hospitals (40.6% vs 20.4%). Abbreviations: CI, confidence interval; OR, odds ratio; VP, ventriculoperitoneal; VSD, ventriculoseptal defect surgery. *Data are presented as percentages of the total number of discharges for each hospital characteristic and the OR (95% CI) for each characteristic being associated with a discharge from a hospital in the second, third, or highest quartile compared with hospitals in the lowest quartile (first quartile).
HOSPITAL VOLUME AND OUTCOMES
The in-hospital mortality for the operations was 7.8% for tracheotomy, 2.0% for VSD surgery, 1.3% for VP shunt placement, and 0.3% for spinal fusion ( Table 4) . A significant trend of increasing mortality in lower-volume hospitals was not observed for any operation. However, children undergoing tracheotomy experienced the highest morality in low-vs higher-volume hospitals (10.3% vs 7.7%).
The postoperative complication rate for the operations was 2.6% (n = 70) for tracheotomy, 1.7% (n=40) for VSD surgery, 1.0% (n=40) for spinal fusion, and 0.5% (n=16) for VP shunt placement (Table 4 ). Decubitus ulcer was the most frequent complication for tracheotomy (n=59), spinal fusion (n=20), and VP shunt placement (n=12). Postoperative hemorrhage or hematoma was the most frequent complication for VSD surgery (n=39).
For tracheotomy, the rate of postoperative complications decreased as hospital volume increased (5.1% to 2.4%) ( Table 4 ). Children were less likely to develop a decubitus ulcer during admission for tracheotomy in highcompared with low-volume hospitals (1.9% vs 4.4%; odds ratio, 0.44; 95% CI, 0.18-1.09) after controlling for diagnosis-related group severity and the comorbid conditions of hemiplegia, paraplegia, quadriplegia, spina bifida, anoxic brain injury, and mechanical ventilation lasting longer than 96 hours.
11 A significant trend of higher postoperative complication rates in lower-volume hospitals was not observed for spinal fusion, VP shunt placement, or VSD surgery.
COMMENT This is the first study, to our knowledge, to provide a national picture of the caseloads of hospitals that perform common pediatric specialty operations. We found that a substantial number of hospitals were performing relatively few posterior spinal fusion, VP shunt placement, and tracheotomy operations in 2003. For tracheotomy and spinal fusion, at least one fourth of the hospitals performed only 1 procedure for children aged 0 to 18 years during the year studied. Ventriculoseptal defect surgery was centralized into higher-volume hospitals more than the other operations. Low-volume hospitals were less likely to have a children's or teaching hospital designation. For tracheotomy and spinal fusion, older children and those who had trauma were more likely to have procedures performed at low-volume hospitals. Children undergoing tracheotomy in low-volume hospitals experienced higher rates of postoperative complications.
COMPARISON WITH OTHER STUDIES
Our finding that many common pediatric procedures are performed at hospitals with low procedure volumes is in accord with previous studies. Smith et al 5 observed 87 patients who underwent VP shunt placement or revision in hospitals that performed 1 pediatric shunt operation during the same year. Low hospital caseloads (Յ5 cases per year) have also been described in most hospitals that perform spinal fusion for scoliosis in California. 1 In adults, Elixhauser et al 12 reported a lowvolume (Յ3 cases per year) caseload of esophageal cancer surgery, pancreatic cancer surgery, and heart transplantation performed in a large number of hospitals.
We observed a smaller number of VP shunt placement operations in the lowest-volume quartile (1-3 cases per year) when compared with the study by Smith et al, who reported a low-volume quartile of 1 to 27 cases per year for pediatric shunt operations. Potential reasons for these differential findings are that the previous study included VP shunt revisions in the study population and included data over multiple years. In our study, VSD surgery was centralized into highcaseload hospitals more than the other operations. The number of hospitals that perform VSD surgery was smaller than for the other operations. One previous study found that pediatric heart surgery was performed in relatively few hospitals compared with high-risk adult specialty operations. 12 This is consistent with evidence that suggests that pediatric cardiac surgery is increasingly being centralized into tertiary care, high-caseload hospitals. 13, 14 Our study is unique in that we compared hospital characteristics of low-and higher-volume centers. For 3 of the 4 operations studied, most of the discharges from lowvolume hospitals were not from children's hospitals. We did not identify previous research that evaluated children's hospital designation in low-volume hospitals. Improved outcomes have been associated with children's hospitals for children undergoing tracheotomy and splenectomy. 7, 15 For all operations, discharges from lowvolume hospitals were less likely to be from teaching hospitals. Elixhauser et al 12 found that low-volume hospitals in which adult specialty operations were performed tended to be nonteaching institutions.
One explanation for the use of low-volume hospitals that we were not able to test in this analysis is that lowvolume hospitals may be geographically closer to some children who need urgent surgery. We found that children undergoing spinal fusion and tracheotomy associated with trauma were more likely to use low-volume hospitals. Dimick et al 16 reported that half of adults undergoing 3 high-risk specialty operations in lowvolume hospitals lived in an area without a highvolume hospital. However, Birkmeyer et al 17 found that many adult patients undergoing complex cancer surgery traveled past a higher-volume center to undergo surgery at a low-volume hospital.
We observed that most low-volume hospitals were located in urban areas and had a large number of beds. Smith et al 5 reported that most low-volume hospitals in which VP shunt operations were performed on children were urban. Overall, children who required specialty services have been shown to use urban hospitals more than rural hospitals. 18 Future research using geographic information systems is needed to evaluate the proximity of children who require specialty operations to low-and higher-volume hospitals in which these procedures are performed.
In our study, a trend of increasing mortality with decreasing hospital volume was not observed for any operation. However, in accord with Lewis et al, 7 we found that children undergoing tracheotomy in low-volume hospitals experienced the highest mortality. Previous studies 4, 5 have reported higher mortality in low-volume hospitals for children undergoing VP shunt and cardiac operations. We observed low mortality rates for VP shunt placement (1.3%) and VSD surgery (2.0%) with small variation in mortality with hospital volume.
We observed a higher risk of postoperative complications in low-volume vs high-volume hospitals for children undergoing tracheotomy. To our knowledge to date, no studies have evaluated hospital variation in complications of pediatric tracheotomy. In our study, decubitus ulcer was the most frequent tracheotomy complication. Lengthy hospitalizations have been reported in children undergoing tracheotomy. 7 Length of stay has also been associated with the development of decubitus ulcers in hospitalized children. 19 However, in a post hoc multivariate analysis, we found that controlling for length of stay did not reduce the increased likelihood of developing a decubitus ulcer within low-volume hospitals.
In the present study, a trend of increased postoperative complication rates in lower-volume hospitals was not observed for spinal fusion, VP shunt placement, or VSD surgery. Vitale et al 1 observed similar findings for early postoperative complications and hospital volume for spinal fusion operations. However, the same study reported an increased rate of readmission after spinal fusion in low-volume hospitals. We did not identify previous studies that evaluated postoperative complications and hospital volume for children undergoing VP shunt placement or VSD surgery.
STUDY LIMITATIONS
Surgeon volume was not analyzed because of the large amount of missing surgeon data associated with the selected operations. Surgeon procedural volume has been associated with outcomes in children and adults undergo- Abbreviations: CI, confidence interval; OR, odds ratio; VP, ventriculoperitoneal; VSD, ventriculoseptal defect surgery.
*Postoperative complications were decubitus ulcer, foreign body left in after procedure, iatrogenic pneumothorax, postoperative hemorrhage and hematoma, transfusion reaction, and postoperative abdominal wound dehiscence as determined from the Agency for Healthcare Research and Quality Pediatric Quality Indicators. Data are presented as percentages of the total number of discharges for each outcome and the OR (95% CI) of each outcome being associated with a complication at a hospital with a volume in the second, third, or highest quartile compared with a hospital with a volume in the lowest quartile (first quartile).
†Adjusted for the diagnosis-related group severity associated with the admission.
(REPRINTED) ARCH PEDIATR ADOLESC MED/ VOL 161, JAN 2007 WWW.ARCHPEDIATRICS.COMing specialty surgery. 5, 20 It is possible that one surgeon could have worked at multiple hospitals or could have performed the same operation on patients 18 years or older.
We were unable to study all possible predictors and outcomes of low-volume hospital use because we were limited to the administrative patient information contained within the KID 2003. More precise clinical data would have been preferable to ICD-9-CM diagnostic coding to identify comorbid or urgent condition-specific variables that may influence low-volume hospital use. Clinical outcomes specific to each type of operation might have provided more precision, but the Pediatric Quality Indicators used in this study used ICD-9-CM codes to identify a standard set of postoperative complications that has meaning across different types of operations.
The postoperative complication decubitus ulcer could have developed before the selected operations for some children in the KID 2003. However, we excluded discharges with a principal diagnosis of decubitus ulcer, length of stay less than 5 days, admission source from a long-term care or acute care facility, and a procedural code for debridement or pedicle graft before or on the same day as the major operating room procedure to minimize this possibility.
Hospital variation in ICD-9-CM procedural coding for pediatric specialty operations could potentially lead to different results. 21 Aside from VSD surgery, combinations of procedural codes were avoided to reduce the risk of falsely excluding patients within the KID 2003. It is possible that some institutions could have used procedural codes other than those used in the present study for the same operations.
CONCLUSIONS
Many children undergoing common pediatric specialty operations have these procedures performed in lowvolume hospitals. For tracheotomy and posterior spinal fusion, at least one fourth of the hospitals performed only 1 operation for children aged 0 to 18 years during the year studied. Children undergoing tracheotomy in lowvolume hospitals were more likely to experience postoperative complications. Further research is needed to identify the reasons why so many children who undergo specialty surgery have their operations performed at low-volume hospitals. 
